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(54) OFDM receiving apparatus with antenna diversity 



(57) An OFDM receiving apparatus includes a plu- 
rality of antennas for capturing OFDM-modulated sig- 
nals, a plurality of receiving means connected to the plu- 
rality of antennas, respectively, for processing received 
signals to make baseband signals, diversity synthesiz- 
ing means for synthesizing the output signals of the plu- 
rality of .receiving means, and OFDM demodulation 



means for OFDM-demodulating the output signal of the 
diversity synthesizing means. The diversity synthesiz- 
ing means includes a plurality of electric-power detect- 
ing means for detecting the signal electric power of the 
respective output signals of the plurality of receiving 
.means, compensates the amplitude of each output sig- 
■ rial according to the result of detection , and synthesizes 
the output signals. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

X. 

[0001] The present Invention relates to receiving ap- 
paratuses for OFDM-modulated signals, such as those 
for terrestrial digital TV broadcasting in Japan and Eu- 
rope, and more particularly, to a diversity-receiving-type 
OFDM receiving apparatus suited to on-vehicle purpos- 



2. Description of the Related Art .... 

[0002] These years, an prthogpnal frequency division 
multiplexing (OFDM) multi-carrier (multiple-carrier) 
modulation method has been being made commercial 
as a transfer (modulation) method for video signals and 
digital audio signals typical of which are those for ter- 
restrial digital TV broadcasting. In broadcasting employ- 
ing this modulation method, encoded data Is divided, as- 
signed to a thousand carriers to thousands of carriers, 
multiplexed, and transferred. 

[0003] Fig. 8 is a block diagram of the structure of an 
OFDM transmission apparatus. Fig. 9 is a view showing 
an outlined OFDM modulation process. 
[0004] In Fig. >8, OFDM modulation means 61 Is 
.formed of modulation means 62 for modulating an Input 
digital signal by, for example, a QPSK method, serial/ 
parallel converting means (S/P) 63 for converting a 
modulated serial signal to a parallel signal, inverse fast 
Fourier transform (IFFT) means 64 for applying Inverse 
Fourier transform to a converted parallel signal, parallel/ 
serial converting means (P/S) 65 for converting an in- 
verse-Fourier-transformed signal to a parallel sequence 
and outputtlng it as a time signal, and guard-interval in- 
serting means 66 for inserting a guard Interval into a 
converted signal. There are also shown transmission 
means (TX) 67 and an antenna 68. 
[0005] In the- abpye structure, an input digital signal is 
modulated by a predetermined modulation method 
(such as the QPSK modulation method) by the modula- 
tion means 62 to obtain modulation symbols. The mod- 
ulation symbols are converted by the serial/parallel con- 
verting means (S/P) 63 to a iower-speed modulation- 
symbol sequence, namely, to a modulation -symbol se- 
quence of N carriers orthogonal to each other and ar- 
ranged at a constant frequency interval (Af). The inverse 
fast Fourier transform means (IFFT) 64 applies inverse 
fast Fourier transform (IFFT) to this modulation-symbol 
sequence, and then, the parallel/serial converting 
means (P/S) 65 synthesizes waveforms to generate the 
in-phase component (hereinafter called I) andthe quad- 
rature phase component (hereinafter called Q) orthog- 
onal to each other of a time-axis signal. 
[0006] Then, the guard-interval inserting means 66 
copies predetermined time (guard interval period) com-. 
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ponents Tg disposed at the ends of partitioned signals 
having a predetermined time (effective symbol period) 
Ts, to the starting sections of the components I and Q 
of the timeTaxis signal as guard symbols. The time-axis 
signal to which the guard symbols have been inserted 
is output from the guard-interval inserting means 66 as 
a base-band tlme-sequentiahsignal. 
[0007] The guard symbols are inserted as a counter- 
measure for delay-wave disturbance (interference) 
caused at receiving, and absorbs adjacent symbol in- 
terference caused by a relative.slgnal delay under a mul- 
ti-path environment. 

[0008] Thetime-axis signal corresponding to (Tg+Ts) 
Is handled as one OFDM symbol Receiving processing 
removes the guard symbols to extract the signal corre- 
sponding to Ts only as an effective-symbol signal and 
demodulated. 

[0009] The base-band time-sequential signal gener- 
ated by the guard-interval Inserting means 66 is super- 
posed on a predetermined carrier by the transmission 
means (TX) 67 which includes D/A conversion means, 
amplified in power, and emitted to the air through the 
antenna 68. 

[0010] Fig. 1 0 shows the structure of a basic OFDM 
receiving apparatus. Fig. 11 shows an outlined OFDM 
demodulation process. 

[0011] In Fig. 10, an OFDM receiving apparatus has 
an antenna 82, receiving means (REC) 83, and OFDM 
•• demodulation means 81. ; •;>• 

[0012] The OFDM demodulation means 81 includes 
effective-symbol extracting means 84 for removing 
guard symbols from a received signal to extract an ef- 
fective-symbol signal, serial/parallel converting means 
(S/P) 85 for converting the effective-symbol signal to a 
parallel signal, fast Fourier transform means (FFT) 86 
for applying Fourier transform to the parallel signal, par- 
allel/serial converting means (P/S) 87 for converting to 
a serial signal, and demodulation means 88. 
[0013] In Fig. 10, a signal electric wave captured by 
the antenna 82 is amplified and frequency-converted by 
the receiving means (REC) 83, and output as a base- 
band time-sequential signal, and demodulated by the 
OFDM demodulation means 81 . 
[0014] In the OFDM demodulation means 81, as 
shown in Fig. 1 1 , the effective-symbol extracting means 
84 refers to received OFDM symbols, calculates for Tg 
the sum of products of two symbol signals separated by 
Ts to generate an auto-correlatlon signal, and uses it as 
a reference signal. Then, the effective-symbol extract- 
ing means 84 detects the peak (maximum value) of the 
reference signal (auto-correlatlon signal) of the OFDM 
symbols, detects the starting time of the inserted guard 
symbols according to the peak of the auto-correlation 
signal, and removes the guard symbols to extract I and 
Q of effective symbols. 

[0015] Then, the serial/parallel converting means (S/ 
P) 85 converts the effective symbol signal to a parallel 
signal, and the fast Fourier transform means (FFT) 86 
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applies fast Fou rier transform (F FT) to the parallel signal 
to take out N carrier modulation symbols having fre- 
quencies shifted by Af from each other. The taken^out 
modulation symbols are converted to a serial time se- 
quence by the parallel/serial converting means (P/S) 87, 
and then, demodulated by a predetermined method by 
the demodulation means 88 to obtain a digital signal. 
[0016] As described above, the effective-symbol ex- 
tracting means 84 removes the guard interval signals 
Inserted in the modulation process, and the Fourier 
transform means (FFT) 86 extracts effective symbols to 
be converted. Since the guard interval signals have 
been obtained by copying a part of effective symbols, 
the correlation (auto-correlation) between the received 
OFDM modulation signal and the signal obtained by de- 
laying it for a predetermined period (effective symbol pe- 
riod) is obtained for the guard interval period, and effec- 
tive symbols are extracted with the time corresponding 
to the correlation peak.being used as a reference (see 
Fig. 12). 

[0017] If the auto-correlation signal serving as the ref- 
erence is not accurately extracted, a bit error occurs af- 
ter demodulation since extracted effective symbols in- 
clude OFDM symbol data adjacent thereto; 
[0018] Especially in an on-vehicle OFDM receiving 
apparatus, fading occurs depending on a surrounding 
environment (such as buildings and land shapes) during 
the movement of the vehicle, and the effects of level 
changes caused by fading prevents the reference signal 
from being accurately generated. Therefore, during re- 
ceivingiwhile moving, diversity receiving is employed to 
suppress level changes in many cases. 
[0019] :r Fig. 13 shows the structure of a conventional 
OFDM -receiving apparatus structured in order to pre- 
vent the effects of the level changes of a received signal, 
caused by fading which occurs during mobile commu- 
nication. For convenience of a description, Fig. 13 
shows an OFDM receiving apparatus having tworeceiv- 
Jng systems which include antennas. 
[0020] In the structure of the OFDM receiving appa- 
ratus shown in Fig. 13, the structure from an antenna 
101a to fast Fourier transfer means (FFT) 105a (the 
structure from an antenna 1 01b to fast Fouriertransform 
means (FFT) 1 05b also) Is the same as that from the 
antenna 82 to the fast Fouriertransform means (FFT) 
86 shown In Fig. 10. 

[0021] The OFDM receiving apparatus shown in Fig. 
13 includes diversity synthesizing means 106, parallel/ 
serial converting means (P/S) 107, and demodulation 
means 108 after the fast Fouriertransform means (FFT) 
105a (fast Fouriertransform means (FFT) 105b). 
[0022] In the above structure, a signal received by the 
antenna 101a is amplified by receiving means (REC) 
102a. The maximum auto-correlation value Is detected 
by effective-symbol extracting means 1 03a to remove 
the guard symbol to extract an effective symbol signal. 
The signal is converted to a parallel signal by serial/par- 
allel converting means (S/P) 104a. The fast Fourier 



transform means (FFT) 1 05a applies Fouriertransform, 
and each carrier signal Is output to the diversity synthe- 
sizing means 106. "■»• ■ ~ 
[0023] In the same way, a signal received by the an- 

5 tenna 101b is amplified by receiving means (REC) 102b. 
The maximum auto-correlation value is detected by ef- 
fective-symbol extracting means 103b to remove the 
guard symbol to extract an effective symbol signal. The 
signal is converted to a parallel signal by serial/parallel 

10 converting means (S/P) 1 04b. The fast Fourier trans- 
form means (FFT) 105b applies Fouriertransform, and 
each carriersignal is output to the diversity, synthesizing 
means 106. 

[0024] The diversity synthesizing means 106 corn- 
's pares the received levels of each carrier in the two re- 
ceiving systems, selects the carrier having a larger level, 
and outputs the modulation symbol thereof to the paral- 
lel/serial converting means (P/S) 1 07. The parallel/seri- 
al converting means 01 7 converts the input modulation 
20 symbol. to a serial signal and the demodulation means 
108 demodulates the signal. 

[0025] In the above structure, since the effective-sym- 
bol extracting means 1 03a (1 03b) for each antenna us- 
es a signal obtained before the diversity effect is ob- 

2$ tained to generate an auto-correlatlon signal serving as 
a reference, in the same way as in the conventional 
OFDM receiving apparatus, the auto -correlation signal 
is not accurately detected when fading occurs, and as 
a result, an effective symbol is not accurately extracted, 

30 neither. In other words, since effective symbols including 
an adjacent OFDM signal are diversity-synthesized af- 
ter. FFT, the diversity effect Is not sufficient, and a bit 
error occurs after demodulation. 
[0026] In addition, FFT circuits having a large circuit 

35 scale need to be prepared correspondingly to the 
number of antennas, the entire receiving circuit be- 
comes complicated when a diversity system having a 
number of antennas is structured. ; 
[0027] To solve the foregoing problem, the Inventor 

40 has already proposed an OFDM receiving apparatus 
which diversity-synthesizes OFDM signals before effec- 
tive symbols are extracted (In Japanese Unexamined 
Patent Application Publication No, HeM 1-291 693). Fig. 
1 is a block diagram of the structure of an OFDM receiv- 

45 ing apparatus according to an embodiment of an inven- 
tion proposed by the present inventor, and Is also a block 
diagram of the structure of an OFDM receiving appara- 
tus according to an embodiment of the present inven- 
tion. Two antennas are used in the structure. As shown 

so in Fig. 1, receiving antennas 1a (1b) and receiving 
means 2a (2b) are provided in parallel according to the 
number (2) of antennas in the same way as in the con- 
ventional diversity receiving apparatus, but only one 
piece of OFDM demodulation means 4 is required irre- 

55 spective of the number of antennas in the same way as 
In the known OFDM receiving apparatus (Fig. 10). 
[0028] Fig. 14 is a block diagram showing the struc- 
ture of a diversity synthesizing means 3B In an OFDM 
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receiving apparatus according to an embodiment of an 
invention proposed by the present inventor. The diver- 
sity synthesizing means3B is formed of autq-correlation 
detecting means 30 and 31 for calculating amplitude 
compensation coefficients according to the auto-corre- 
lation of a signal received by each antenna, amplitude 
compensation means 32 and 33 for weighting the am- 
plitudes of received signals by calculated amplitude 
compensation coefficients, cross-correlation detecting 
means 20 for calculating phase compensation coeffi- 
cients according to the cross-correlation of the outputs 
of the amplitude compensation means 32 and 33, 
phase-shift means 21 and 22 for rotating the phases of 
the outputs of the amplitude compensation means 32 
and 33 according to calculated phase compensation co- 
efficients, and adder means 23 for adding the outputs 
of the phase-shift means 21 and 22. 
[0029] Fig. 15 Is a block diagram showing the specific 
structure of the auto-correlation detecting means 30 
(31). Fig. 4 Is a block diagram showing the specific struc- 
ture of the cross-correlation detecting means 20, and is 
also a block diagram showing the structure of cross-cor- 
relation detecting means in an OFDM receiving appara- 
tus according to an embodiment of the present inven- 
tion. ■ 

[0030] In the auto-correlation detecting means 30 (31) 
shown in Fig. 15, complex-conjugate-signal generating 
means 41 obtains the complex conjugate of an input re- 
ceived signal, and effective-symbol-period delay means 
40 delays for an effective-symbol period. A delayed sig- 
nal and the complex conjugate signal are multiplied by 
multiplying means 42/ and its output Is accumulated for 
a constant time (guard interval period) by accumulating 
means 43 to calculate auto-correlation. 
[0031] When the copy source signal partially used as 
the guard interval among the effective symbols of an 
OFDM signal is input as a received signal, since the sig- 
nal in which only the effective symbols are delayed 
serves as the copy destination signal, the auto-correla- 
tion signal obtained by accumulating them has a peak. 
Then, maximum-autocorrelation retrieving means 44 re- 
trieves the maximum value of the auto-correlation sig- 
nal, and amplitude-compensation-coefficient calculat- 
ing means 45 calculates amplitude compensation coef- 
ficients proportional to the maximum value. 
[0032] Fig. 4 shows the structure of cross-correlation 
detecting means in the diversity synthesizing means 3B 
shown in Fig. 14; Fig. 4 also shows the structure of 
cross-correlation detecting means according to the 
present Invention. In the cross-correlation detecting 
means 20 shown in Fig. 4, multiplying means 51 multi- 
plies a signal received by one antenna by the complex 
conjugate signal of a signal received by the other anten- 
na, and accumulating means 52 accumulates the output 
thereof for a constant period (guard interval period) to 
calculate cross-correlation. Since the phase of the 
cross-correlation obtained in this way indicates the 
phase difference between the two received signals, 



phase calculating means 53 calculates the phase differ- 
ence, and then, phase-coefficient calculating means 54 
calculates phase coefficients (phase rotation coeffi- 
cients) used for. making the signals, have, the same 
5 phase. 

[0033] According to the amplitude coefficients and the 
phase coefficients obtained as described above, the 
amplitude compensation means 32 and 33 compensate 
the amplitudes in proportion to the strengths of the sig- 

10 nals received by the antennas, the phase shift means 
21 and 22 compensate the phases such that they are 
the same, and then the adder means 23 adds the sig- 
nals. Then, the diversity effect is obtained, in which the 
carrier-power to noise-power ratio :(C/N) of a synthe- 

15 sized signal is made maximum: 

[0034] The effective-symbol-period delay means 40 
Included In the auto-correlatlon detecting means 30 (31 ) 
is actually formed of a semiconductor memory as a main 
component. A circuit for controlling the input and output 

20 thereof is required and a control method is complicated. 
[0035] More specifically, control signals such as an 
address and a writing/reading strobe, needs to be gen- 
erated to input and output data. In addition, since input 
and output need to be performed at the same time, the 

25 control signals need to be generated at a speed twice 
as high as an input-and-output-data rate or more. Fur- 
thermore.'Slnce a reference clock for a circuit for gener- 
-aijng the control signals is fast, signal-timing control is 
"- complicated. ■;'/: : v : --/-.:. : ;v\ .-:V-*-v.-, 

SUMMARY OF THE INVENTION 

[0036] The present Invention has been made in con- 
sideration of the foregoing conditions. It is an object of 
ss the present invention to provide an OFDM receiving ap- 
paratus which allows diversity synthesis without using 
auto-correlation detecting means formed of a semicon- 
ductor memory as a main component. 
[0037] The foregoing object is achieved according to 
the present invention through the provision of an OFDM 
receiving apparatus including a plurality of antennas dis- 
posed apart from each other for capturing OFDM-mod- 
ulated signals; a plurality of receiving means connected 
to the plurality of antennas, respectively, for frequency- 
converting and outputting received signals; diversity 
synthesizing means for synthesizing the output signals 
,of the plurality of receiving means; and OFDM demod- 
ulation means for OFDM-demodulating the output sig- 
nal of the diversity synthesizing means, wherein the di- 
versity synthesizing means includes a plurality of elec- 
tric-power detecting means for detecting the signal elec- 
tric power of the output signals of the plurality of receiv- 
ing means, respectively, and the amplitudes of the out- 
put signals are compensated according to the result of 
55 detection and then, synthesized. 

[0038] in the OFDM receiving apparatus of the 
present invention, the plurality of antennas disposed 
apart from each other captures OFDM-modulated sig- 
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nals, and the plurality of receiving means connected to 
the plurality of antennas, respectively, frequency-con- 
verts and outputs received signals. The diversity syn- 
thesizing means synthesizes the output signals of the 
plurality of receiving means; and the OFDM demodula- 
tion means OFDM-demodulates the output signal of the 
diversity synthesizing means. In the diversity synthesiz- 
ing means, the plurality of electric-power detecting 
means detects the signal electric power of the output 
signals of the plurality of receiving means, respectively, 
and the amplitudes of the output signals of the plurality 
of receiving means are compensated according to the 
result of detection and then, synthesized. 
[0039] . According to the OFDM receiving apparatus 
having the above-described structure, it is necessary to 
calculate the amplitude coefficients proportional to sig- 
nal strength In order to perform diversity synthesis which 
obtains the maximum C/N ratio. The signal strength may 
be calculated according to the signal electric power of 
the output signal of each receiving means. To this end, 
the plurality of electric-power detecting means for de- 
tecting the respective signal electric power of the output 
signals of the receiving means is provided. Therefore, 
auto-correlation detecting means which Is convention- 
ally required is not needed. 

[0040] According to the OFDM receiving apparatus 
_ having#ie above structure, autocorrelation detecting 
means^which includes effective-symbol -period delay 
; means?formed of a semiconductor memory as a main 
component is not needed. Since a semiconductor mem- 
ory is not used, the circuit of the diversity synthesizing 
meansican be formed of general-purpose logic compo- 
nents. ^Therefore, an advantage is given in which the cir- 
cuit is more easily integrated into one chip or an ASIC. 
[0041] t ;|n the OFDM receiving apparatus according to 
the present Invention, the electric-power detecting 
means may include complex-conjugate-signal generat- 
ing means for generating the complex-conjugate signal 
of an input signal; multiplying means for multiplying the 
input signal by the complex-conjugate signal; and accu- 
mulating means for accumulating^ result of multipli- 
cation for a constant period. 

[0042] In the electric-power detecting means of the 
OFDM receiving apparatus according to the present in- 
vention, the complex-conjugate-signal generating 
means generates the complex-conjugate signal of an in- 
put signal, the multiplying means multiplies the input sig- 
nal by the complex-conjugate signal, and the accumu- 
lating means accumulates the result of multiplication for 
a constant period, v ; 

[0043] According to the OFDM receiving apparatus 
having the above structure, the electric-power detecting 
means Includes the complex-conjugate-signal generat- 
ing means, the multiplying means, and the accumulating 
means for accumulation. This Is preferred in terms of 
calculating signal electric power having low noise. 
[0044] In the OFDM receiving apparatus according to 
the present invention, the accumulating period of the ac- 



cumulating means may be set to a multiple of at least 
the guard interval period of an OFDM signal or that of 
half the guard interval period. 

[0045] In the OFDM receiving apparatus according to 
s the present invention, the accumulating period of the ac- 
cumulating means is set to a multiple of at least the 
guard interval period of an OFDM signal or that of half 
the guard interval period. 

[0046] According to the OFDM receiving apparatus 
10 having the above structure, since the accumulating pe- 
riod of the accumulating means is set to a multiple of at 
least a half of the guard interval of an OFDM signal, sig- 
nal electric power having tow noise Is calculated by a 
time averaging effect, and tt is also preferred in terms of 
15 obtaining signal electric power every one OFDM symbol 
or every half an OFDM symbol. 
[0047] In other words, since the guard Interval of an 
OFDM signal Is set to 1/n (n: an m-th power of 2 where 
m is an integer) of effective symbols, when the accumu- 
20 lating period is set to at least half the guard interval pe- 
riod, compensation coefficients are easily updated in 
units of OFDM symbols or more, or in units of halves of 
OFDM symbols or more. 

[0048] The OFDM receiving apparatus according to 

25 the present invention may be configured such that the 
diversity synthesizing means compares the signal elec- 
tric power detected by the plurality of electric-power de- 
tecting means, retrieves the maximum signal electric 
power, calculates the square root of the ratio of each 

30 signal electric power of the plurality of electric-power de- 
tecting means to the maximum signal electric power, 
and compensates the amplitude of each output signal 
of the plurality of receiving means in proportion to the 
square root of the ratio. ; : 

35 [0049] According to the OFDM receiving apparatus of 
the present invention, the diversity synthesizing means 
compares the signal electric power detected by the plu- 
rality of electric-power detecting means, retrieves the 
maximum signal electric power, calculates the square 

40 root of the ratio of each signal electric power of the plu- 
rality of electric-power detecting means to the maximum 
signal electric power, and compensates the amplitude 
of each output signal of the plurality of receiving means 
in proportion to the square root of the ratio. 

45 [0050] According to the OFDM receiving apparatus 
having the above structure, to compensate the ampli- 
tudes of the output signals of the plurality of receiving 
: means, signal electric power detected by the plurality of 
electric-power detecting means is compared, the maxi- 

so mum signal electric power is retrieved, the square root 
of the ratio of each signal electric, power of the plurality 
of electric-power detecting means to the maximum sig- 
nal electric power is calcuiated, and the amplitude of the 
signal received by each electric-power detecting means 

55 is compensated in proportion to the square root of the 
ratio. Therefore, an advantage is provided In which an 
output signal obtained even after diversity synthesis 
does not become larger than necessary and does not 
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saturate. 

BRIEF DESCRIPTION OF. THE DRAWINGS . 
[0051] 

Fig. 1 Is a block diagram showing the structure of 
an OFDM receiving apparatus according to an em- 
bodiment of the present invention. 
Fig. 2 is a block diagram showing a specific struc- 
ture of diversity synthesizing means shown In Fig. 1. 
Fig. 3 is a block diagram showing a specific struc- 
ture of electric-power detecting means shown, in 
Fig. 2. 

Fig. 4 is a biock diagram showing a specific struc- 
ture of cross-correlation detecting means shown in 
Fig. 2. 

Fig. 5 Is a view showing example signal waveforms 
used for describing specific operation processes of 
the OFDM receiving apparatus according to the 
present embodiment of the present invention. 
Fig. 6 is a block diagram showing a specific struc- 
ture of electric-power detecting means in diversity 
synthesizing means in an OFDM receiving appara- 
tus according to another embodiment of the present 
invention. 

: Fig. 7 is a block diagram showing a specific struc- 
ture of cross-correlation detecting means in the di- 
v versity synthesizing means in the OFDM receiving 
? apparatus according to the another embodiment of 
the present invention. 

Fig. 8 is a block diagram showing the structure of 
: -an OFDM transmission apparatus. ■: 
. Fig: . 9 is an outlined view showing an OFDM mod- 
^ulatlon process. • < h 

Fig. 1 0 Is a block diagram showing a basic structure 
: : of an OFDM receiving apparatus. 

Fig. 11 is an outlined view showing an OFDM de- 
modulation process. 

Fig. 12 is a view showing the relationship between 
the data structure of an OFDM modulated signal 
and an auto-correlation detecting signal. 
Fig. 13 is a block diagram showing the structure of 
a conventional OFDM receiving apparatus. 
Fig. 14 is a block diagram showing a specific struc- 
ture of diversity synthesizing means In an OFDM 
receiving apparatus already proposed by the 
: present Inventor. 

Fig. 1 5 is a block diagram showing a specific struc- 
ture of auto-correlation detecting means used for an 
operation shown in Fig. 12. 

DESCRIPTION OF THE PREFERRED - 
EMBODIMENTS 

[0052] Embodiments of the present invention will be 
described in detail by referring to the drawings. Fig. 1 
shows the structure of an OFDM receiving apparatus 



according to an embodiment of the present invention. In 
the OFDM receiving apparatus accordfng to the present 
embodiment of the present invention; it is assumed that 
two antennas are used. The OFDM receiving apparatus 
5 according to the present embodiment differs in structure 
from the conventional OFDM receiving apparatus 
shown in Fig. 11 In that diversity synthesizing means is 
disposed before effective-symbol extracting means to 
perform diversity synthesis before effective symbols are 
10 extracted, and only one path is used from the effective- 
symbol extracting means to fast Fourier transform 
means (FFT). The other structures are the same. 
[0053] In Fig. 1, the OFDM receiving apparatus ac- 
cording to the present embodiment of the present inven- 
ts tion includes an antenna 1a for capturing an OFDM- 
modulated signal In a path #1 , an antenna 1 b for cap- 
turing a signal in a path #2, receiving means 2a and 2b, 
a diversity synthesizing means for synthesizing the out- 
put signals of the receiving means 2a:and 2b, and 
20 OFDM demodulation means 4. 

[0054] The OFDM demodulation means 4 includes ef- 
fective-symbol extracting means 5, serial/parallel con- 
verting means (S/P) 6, fast Fourier transform means 
(FFT) 7, parallel/serial converting means (P/S) 8, and 
25 demodulation means 9. - ; 

[0055] In the above structure, signals received by the 
antenna 1a and the antenna 1 b are amplified and fre- 
quency-converted to intermediate-frequency signals or 
base-band signals by the receiving means 2a and 2b, 
30 and then are input to the diversity synthesizing means 
3 as path-#1 and path-#2 signals and diversity-synthe- 
sized. : ' = 
[0056] In the OFDM demodulation means 4, the ef- 
fective-symbol extracting means 5 detects the maxi- 
ms mum auto-correlatlon value in the synthesized output of 
the diversity synthesizing means 3 to extract an effective 
symbol signal. The extracted effective symbol signal is 
converted to a parallel signal by the serial/parallel con- 
verting means (S/P) 6. This parallel signal is Fourier- 
40 transformed by the fast Fourier transform means (FFT) 

7. The Fourier-transformed signal is converted to a se- 
rial signal by the parallel/serial converting means (P/S) 

8, and the serial signal is demodulated by the demodu- 
lation means 9. ; - 

45 [0057] Next, Fig. 2 shows an example specific struc- 
ture of the diversity synthesizing means shown In Fig. 1 . 
[0058] An OFDM receiving apparatus according to 
the present invention differs in structure from an OFDM 
receiving apparatus already proposed by the present in- 

so ventor in that electric-power detecting means 1 0a and 
1 0b and amplitude-coefficient calculating means 1 1 are 
provided instead of auto-correlatlon detecting means in 
the diversity synthesizing means. Since the other struc- 
tures are the same as for the diversity synthesizing 

55 means shown in Fig. 12, descriptions for overlapping 
portions are omitted and only different portions will be 
described. 

[0059] Fig. 3 shows a specific structure of the electric- 
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power detecting means 10a (10b) shown in?Fig. 2. In 
Fig. 3, the electric-power detecting means 1 0a (1 Ob) in- 
cludes complex-conjugate-signal generating means 16 
for obtaining the complex conjugate of a received signal 
and for generating a complex-conjugate signal, and 
multiplying means 17 for multiplying the received signal 
by the complex-conjugate signal, and accumulating 
means 18 for accumulating the output. of the. multiplying 
means 17 for a constant period. . 
[0060] In the above structure, when a received signal 
is input from the receiving means 2a (2b) to the electric- 
power detecting means 10a (10b), the received signal 
is sent to one input end of the multiplying means 1 7 and 
to the input end of the complex-conjugate-signal gener- 
ating means 16. Then, the complex-conjugate-signal 
generating means 16 generates the complex-conjugate 
signal of the received signal and sends It to the other 
Input end of the multiplying means 17. 
[0061] Every lime when the multiplying means 17 re- 
ceives signals at its two input ends, the multiplying 
means 17 multiplies them to calculate instantaneous 
electric power and sends it to the accumulating means 
18. The accumulating means 18 accumulates the in- 
stantaneous electric power for a constant period to av- 
erage the instantaneous electric power and outputs it. 
With this processing, the signal electric power of the in- 
put signal is calculated every constant period. 
[0062];^, Next, the operations of the amplitude-coeffi- 
cient calculating means 11 in the diversity synthesizing 
means.>3 shown in Fig. 2 will be described. The signal 
electrle.power output from the electric-power detecting 
means 30a is called Pa and the signal electric power 
output ;from the electric-power detecting means 10b is 
called B.b. Every time when the electric-power detecting 
means 40a and 1 0b calculate signal electric power, the 
amplitude-rcoefficient calculating means 11 calculates 
. amplitude compensation coefficients through the follow- 
ing steps ((1) to (3)) and outputs them to the amplitude 
compensation means 12a and 12b.: . ... 

. (1) Compare the magnitude of the signal electric 
. . power Pa and that of the signal electric power Pb. 
• (2-a) When the signal electric power Pa Is equal to 
.the signal electric power Pb, set amplitude compen- 
sation coefficients for the amplitude compensation 
means 12a and 12b to 1 . 

(2-b) When the signal electric power Pa is larger 
than the signal electric power Pb, set an amplitude 
compensation coefficient for the amplitude com- 
pensation means 12a to 1 and set an amplitude 
compensation coefficient for the amplitude com- 
pensation means 1 2b to the square root of Pb/Pa. 
(2-c) When the signal electric power Pa is smaller 
than the signal electric power Pb, set an amplitude 
- compensation coefficient for the amplitude com- 
pensation means 12a to the square root of Pb/Pa 
and set an amplitude compensation coefficient for 
the amplitude compensation means 12b to 1 . .. 



(3) Output the set amplitude compensation coeffi- 
cients to the amplitude compensation. means 12a 

. and 12b.. .-: ■ /^-..v. -v. - 

5 [0063] 1 With these steps, for the received signal hav- 
ing a smaller signal electric power, the square root of 
the signal-electricrpower ratio, namely, an amplitude 
compensation coefficient which makes an amplitude 
smaller according to the ratio of the signal strengths is 

10 output to the amplitude compensation means. As de- 
scribed above, this amplitude compensation coefficient 
is used for performing diversity synthesis so as to obtain 
the maximum C/N ratio. ■■■ 

[0064] Fig. 4 shows a specific structure of cross-cor- 
15 relation detecting means 13. In Fig. 4, the cross-corre- 
lation detecting means 13 includes complex-conjugate- 
signal generating means 50 for generating and output- 
ting the complex-conjugate signal of a signal of the two 
signal sent to the cross-correlation detecting means 13 
20 and to be compared; multiplying means 51 for multiply- 
ing the complex-conjugate signal gen erated by the com- 
plex-conjugate-signal generating means 50 by the other 
signal of the two signals to be compared; accumulating 
means 52 for accumulating the multiplication result of 
25 the. multiplying means 51 for a predetermined period; 
phase calculating means 53 for calculating a phase by 
using the result of accumulation performed by the accu- 
mulating means 52; and phase-coefficient calculating 
means 54 for calculating phase coefficients by using the 
result of phase calculation performed by the phase cal- 
culating means 53. ■.>>■*•■;■ 
[0065] In the above structure, in cross-correlation de- 
tecting means 20, one signal (signal input through an 
input terminal 1 03) of two signals sent to the cross-cor- 
relation detecting means 20 through input terminals 102 
and 103 and to be compared is input to the complex- 
conjugate-signal generating means 50. As a result, the 
\ complex-conjugate-slgnal generating means 50 gener- 
ates and outputs the complex-conjugate signal. The 
complexTConjugate signal obtained by the complex-con- 
jugate-signal generating means 50 is multiplied by the 
other signal of the two signals to be compared, by the 
multiplying means 51. A 

[0066] The result of multiplication performed by the 
45 multiplying means 51 is accumulated for the predeter- 
mined period by the accumulating means 52. From the 
result of accumulation performed by the accumulating 
means 52, the phase calculating means 53 calculates 
the phase by which compensation is to be applied. The 
50 phase-coefficient calculating means 54 calculates 
phase coefficients according to the phase by which 
compensation is to be applied, calculated by the phase 
calculating means 53, and outputs a phase coefficient 
to be set, to the phase-shift means 14a through an out- 
55 put terminal 1 04 and a phase coefficient to be set, to the 
phase-shift means 14b through an output terminal 105. 
[0067] Specific operations of a main portion of the 
OFDM receiving apparatus according to the. present 
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embodiment of the present invention will be described 
by referring to Fig. 1 to Fig. 5. Fig. 5 is a view showing 
example signal waveforms along the time axis of re- 
ceived signals output from the receiving means 2a and 
2b, signal electric power detected by the electricrpower 
detecting means 10a and the electric-power detecting 
means 1 0b, and the phase of cross-correlation output 
from the phase calculating means 53 in the cross-cor- 
relation detecting means 13. The guard-interval period 
is set to one fourth the effective-symbol period, and in 
addition, the accumulation time At of the accumulating 
means 18 in the electric-power detecting means 10a 
and 10b and that of the accumulating means 52 in the 
cross-correlation detecting means 13 are set equal to 
the guard-interval period. In Fig, 5, ANT#1 Indicates a 
signal related to the receiving antenna 1a and the re- 
ceiving means 2a, and ANT#2 indicates a signal related 
to the receiving antenna 1 b and the receiving means 2b. 
[0068] When the receiving means 2a and 2b output 
the received signals indicated by ANT#1 and ANT#2, 
the electric-power detecting means 10a and 10b in the 
diversity synthesizing means 3 output signal electric 
power averaged every At to the amplitude-coefficient 
calculating mean6 1 1 . For example, the electricTpower 
detecting means 1 0a and 1 0b accumulate the instanta- 
neous signal electric power of the input received electric 
power for At from time to to time t1 ; and output P 12 and 
:*P 22 to the amplitude-coefficient calculating means 11 at 
3irne t1 as signal-electric power. After time t1 , the elec- 
tric-power detecting means 10a and 1 0b calculate sig- 
nal electric power every At and output to the amplitude- 
coefficient calculating means 11 in the same way. 
[0069] In this example, since the signal electric power 
of the received signals output from the receiving means 
•2a and 2b does not fluctuate much along the time axis, 
the electric power has almost the same values as P v 
and P 2 . • A ^ - 

[0070] When the electric-power detecting means 1 0a 
Inputs P 12 to the amplitude-coefficient calculating 
means 1 1 as signal electric power and the electric-pow- 
er detecting means 1 0b inputs P^ to the amplitude-co- 
efficient calculating means 11 as signal electric power, 
the amplitude-coefficient calculating means 11 com- 
pares both of the signal electric power. In this example, 
since P 12 is larger than P^ as shown in Fig. 5, the am- 
plitude-coefficient calculating means 11 sets an ampli- 
tude compensation coefficient for the amplitude com- 
pensation means 1 2a to 1 and an amplitude compensa- 
tion coefficient for the amplitude compensation means 
12b to the square root of P 22 /P 12 , and outputs them to 
the amplitude compensation means 12a and 12b. 
[0071] The amplitude compensation means 12a and 
12b multiply the received signals by the given amplitude 
compensation coefficients, and outputs the results to 
the phase-shift means 14a and 14b, and also to the 
cross-correlation detecting means 13. 
[0072] In the cross-correlation detecting means 13, 
the output signal (ANT#1) of the amplitude compensa- 



tion means 12a is input to one input end of the multiply- 
ing means 51 through the input terminal 102, and the 
output signal (ANT#2) of the amplitude compensation 
means 12b is input to the other input end of the multi- 

5 plying means 51 through the Input terminal 1 03 via the 
complex-conjugate-signal generating means 50. In this 
case, ANT#2 serves as a phase reference. 
[0073] Receiving the above-described signals, the 
multiplying means 51 calculates instantaneous cross- 

10 correlation, and the accumulating means 52 accumu- 
lates the result of multiplication for At to calculate cross 
correlation and outputs It to the phase calculating means 
53. • :: : .V • 

[0074] The phase calculating means 53 receives 
is cross-correlation every At, calculates the phase thereof , 
and outputs to the phase-compensation-coefficient cal- 
culating means 54. The phase calculated by the phase- 
compensatlon-coefflcient calculating means 54 Is the 
phase difference between the signal ANT#1 andthesig- 
20 nal ANT#2 with the signal ANT#2 being used as a phase 
reference. 

[0075] For example, when the accumulating means 
52 accumulates instantaneous cross-correlation for At 
from time to to time t1 and calculates cross-correlation 

25 at time t1 , the phase calculating means 53 calculates 
the phase <J> 2 ° thereof and outputs It to the phase-coef- 
ficient calculating means 54. As shown in Fig. 5, <|> 2 0 is 
;a positive value and it indicates that the phase of the 
signal ANT#1 Is faster than that (phasereference) of the 

30 t . signal ANT#2 by $ 2 °. ' 

[0076] The phase-coefficient calculating means 54 
calculates a coefficient for delaying (rotating) the phase 
of the signal ANT#1 by $ 2 °. More specifically, the phase- 
shift means 1 4a (Fig. 2) calculates a phase compensa- 

35 jtion coefficient by (cosf-fe 0 ), sin(-4> 2 °)) and outputs It. 
Since the signal ANT#2 serves as the phase reference, 
phase compensation is not applied to the signal ANT#2. 
In other words, a phase compensation coefficient of (1 , 
0) is output from the phase-shift means 14b. 

*o [0077] A phase compensation coefficient (x, y) Indi- 
cates a complex number, x is Its real part, and y is Its 
Imaginary part When the phase-shift means 14a and 
14b shift the phases by using the above-described 
phase compensation coefficients, the phases of the out- 

45 put signals of the phase-shift means 14a and 14b are 
made equal at their output ends. 
[0078] After the amplitude compensation means 12a 
and 12b compensate the amplitudes, and In addition, 
the phase-shift means 14a and 14b compensate the 

50 phases, as described above, when the adder means 15 
adds the received signals ANT#1 and ANT#2, the C/N 
ratio of the OFDM signal becomes maximum at Its out- 
put end. 

[0079] An OFDM receiving apparatus according to 
55 another embodiment of the present invention will be 
next described. TheOFDM receiving apparatus accord- 
ing to the another embodiment of the present invention 
basically has the same structure as the OFDM receiving 
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apparatus shown In Fig. 1, but specific structures of 
electric-power detecting means and cross-correlation 
detecting means included in diversity synthesizing 
means 3 differ. Fig. 6 shows specific structures of elec- 
tric-power detecting means 1 0c and 1 0d included in the 
diversity synthesizing means 3 of the OFDM receiving 
apparatus according to the another embodiment of the 
present invention. 

[0080] The electric-power detecting means 10c and 
1 0d differ in structure from the electric-power detecting 
means 10a and 10b shown in Fig. 6 in that second ac- 
cumulating means 19 is provided at the output end of 
accumulating means 1 8, and the output thereof serves 
as the output of the electric-power detecting means 1 0c 
and 10d. The second accumulating means 19 further 
accumulates the signal electric power output from the 
accumulating means 1B by a predetermined number, 
and outputs signal electric power averaged for a longer 
period. 

[0081] Fig. 7 shows a specific structure of cross-cor- 
relation detecting means 13a according to the another 
embodiment of the present invention. The cross-corre- 
lation detecting means 13a of the another embodiment 
differs in structure from the cross-correlation detecting 
means 13 shown In Fig. 4 in that second accumulating 
means 55 is provided between the output end of accu- 
mulating means 52 and the Input end of phase calculat- 
ing means 53. The second accumulating means 55 fur- 
ther accumulates the cross-correlation value output 
from the accumulating means 52 every time when a con- 
stant accumulation period elapses, by a predetermined 
number;; and outputs a cross -correlation value averaged 
for a longer period. 

[0082] icSince the diversity synthesizing means 3 ac- 
cording*) the present embodiment is provided with the 
above-described electric-power detecting means 10c 
and 10d and the cross-correlation detecting means 1 3a, 
the update period of amplitude coefficients becomes 
long in the amplitude-coefficient calculating means 11, 
but the amplitude coefficients are calculated according 
to signal electric power from which noise components 
are more removed. The same conditions also apply to 
phase coefficients output from the cross-correlation de- 
tecting means 1 3a. As a result, a synthesized signal out- 
put from the diversity synthesizing means 3 has low 
noise. 

[0083] When the guard Interval of an OFDM signal is 
1/n (n: an m-th power of 2 where m is an Integer), and 
the accumulating period of the accumulating means 18 
in the electric-power detecting means 1 0c and 1 0d and 
the accumulating period of the accumulating means 52 
in the cross-correlation detecting means 13a are both 
set to the same period as the guard Interval, if the 
number of accumulations is set to (n + 1) in the second 
accumulating means 19 and the second accumulating 
means 55, an advantage is provided in which compen- 
sation coefficients are updated with one OFDM symbol 
being used as a time unit 



[0084] In the specific example shown in Fig. 5, for ex- 
ample, since the guard interval is set to one fourth, if the 
second accumulating means accumulates five results 
of accumulations performed by the accumulating means 
5 18 and the accumulating means 52, an advantage is giv- 
en in which coefficients are updated every one OFDM 
symbol. 

[0085] When the accumulating periods of the accu- 
mulating means 1 8 and the accumulating means 52 are 

10 set to a half of the guard interval period, if the second 
accumulating means accumulates (n + 1) results of ac- 
cumulations performed thereby, an advantage is provid- 
ed in which coefficients are updated for half an OFDM 
symbol. • •••-'<• 

15 [0086] In each embodiment of the present invention, 
the amplitude of a received signal is compensated and 
then the phase thereof Is compensated. The present In- 
vention is not limited to this case. Compensation may 
be performed such that the phase of a received signal 

20 is compensated first, and then, the amplitude thereof is 
compensated. 

[0087] In each embodiment of the present invention, 
the cross-correlation detecting means 13 (13a) receives 
the output signals of the amplitude compensation 

25 means 12a and 12b as two input signals. The present 
invention is not limited to this case. The cross-correla- 
tion detecting means 13 may receive the outputs of the 
receiving means 2a and 2b, like the electric-power de- 
tecting means 10a and 10b (10c and 10d). 

30 [0088] In addition, in each embodiment of the present 
invention, two antennas are used. The present invention 
is not limited to this case. Three antennas or more may 
be used. 

35 

Claims 

1. An OFDM receiving apparatus comprising: 

4° a plurality of antennas disposed apart from 

each other for capturing OFDM-modulated sig- 
nals; 

a plurality of receiving means connected to the 
plurality of antennas, respectively, for frequen- 
ts cy-convertlng and outputtlng received signals; 

diversity synthesizing means for synthesizing 
the output signals of the plurality of receiving 
means; and 

OFDM demodulation means for OFDM-de- 
50 modulating the output signal of the diversity 

synthesizing means, 

wherein the diversity synthesizing means 
comprises a plurality of electric-power detecting 
55 means for detecting the signal electric power of the 
output signals of the plurality of receiving means, 
respectively, and 

the amplitudes of the output signals are com- 
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pensated according to the result of detection and 
then, synthesized. 

2. An OFDM receiving apparatus according to Claim 

1 , wherein each of the plurality of electric-power de- s 
tecting means comprises: 

.. complex-conjugate-signal generating means 
for generating the complex-conjugate signal of 
an Input signal; 10 
. multiplying means for multiplying the input sig- 
nal by the complex-conjugate signal; and 
accumulating means for accumulating the re- 
sult of multiplication for a constant period. 

15 

3. An OFDM receiving apparatus according to Claim 

2, wherein the accumulating period of the accumu- 
lating means Is set to a multiple of at least the guard 
interval period of an OFDM signal or that of half the 
guard interval period. 20 

4. An OFDM receiving apparatus according to one of 
Claims 1 to 3, wherein the diversity synthesizing 
means compares the signal electric power detected 

by the plurality of electric-power detecting means, 25 
retrieves the maximum signal electric power, calcu- 
lates the square root of the ratio of each signal elec- 
tric power of the plurality of electric-power detecting 
means to the maximum signal electric power, and 
compensates the amplitude of each output signal 30 
of the plurality of receiving means in proportion to 
the square root of the ratio. 
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